Poplar clones were studied for their phytoextraction capacity in the second growth cycle (6 growth years) on a site in the Belgian Campine region which is contaminated with Cd and Zn via historic atmospheric deposition of nearby zinc smelter activities. The field trial revealed regrowth problems for some clone that could not be predicted in the first growth cycle. Four allometric relations were assessed for their capacity to predict biomass yield in the second . The primary goal was to reduce soil concentrations of metals caused by phytoextraction. Nevertheless increased metal concentrations were determined in the topsoil.
Introduction
The Belgian and Dutch Campine region faces problems with historic diffuse metal contamination, mainly cadmium and zinc. Until 1974, the non-ferrous industry in the Campine region used pyrometallurgical processes to extract metals from ores. Contaminated dust particles, wastewater and the use of by-products as structural elements in roads and some residential In this perspective, short rotation coppice (SRC) which consist of densely planted high yielding poplar and willow species can be harvested every 2 to 5 years to produce woody biomass. (Wu et al., 2010) . In another field trial two Salicacea clones, P. x generosa and S. viminalis, had an biological concentration factor (BCF) that was higher for the leaves of both clones in comparison to the stems (Bissonnette et al.,2010) . Poplar clones, including P. tremula and P. abies, grown under field conditions displayed a significant increase of Cd and Zn in the foliage and wood in comparison to the soil.
The Cd and Zn concentration in the foliage was almost always higher than in the wood biomass (Hermle et al., 2006) . A large variety exist in biomass production across 13 The objective of this study is to evaluate the biomass production and phytoextraction potential for Cd and Zn in leaves and wood of the poplar clones in the 2 nd growth cycle (6 th year of field experiment). This is in contract with most previous work were they focus only on the first growth cycle of SRC.
Material and methods

2.1.Site description and experimental setup
The site is located in the Belgian Campine region (Lommel, 51°12′41″N; 5°14′32″E) in the north-eastern part of Flanders. General soil characteristics of the site were previously determined by Meers et al. (2010) . The region has been diffusely contaminated with Cd and Zn by historic smelter activities (Vangronsveld et al., 1995) . Preliminary test showed a low pH of the soil (pH Four years after planting, the stems were harvested for the first time by an adapted New Holland corn combine for SRC and were allowed to resprout. This study was conducted in the sixth growth year, i.e. in the second year of the second growth cycle.
2.2.Soil analyses
Soil samples were taken at 0-30 cm depth by means of an auger (auger for arable land, ∅ 13 cm, operation length 25 cm, Eijkelkamp, Giesbeek, the Netherlands). In both plots, 3 samples per clone and thus subplot were taken. Each sample was taken at a sample point which was defined Germany). Cd and Zn concentrations were determined using ICP-OES.
2.5.Statistical analysis
Statistics were performed using SPSS 22.0 (SPSS Inc.) and Excel (Microsoft Inc.) software packages. Prior to statistical analysis, normality was checked using the Shapiro test and homoscedasticity was tested with the Levene test. If the conditions for both tests were met, ANOVA or t-test was used to identify significant differences of the investigated parameter between the plots and clones. If not, nonparametric alternatives (respectively Kruskal-Wallis and
Wilcoxon signed-rank test) were used. Differences in means were considered significant on the 5% significance level (p < 0.05).
Results
3.1.Soil characterization
General characteristics of the soil in the site can be found in table 1. The soil texture is classified as sand according to the USDA soil texture triangle. According to VLAREBO (Flemish legislation for soil sanitation) regulations the threshold concentration for Cd and Zn for this field is respectively 3,0 and 378 mg kg -1 DM of soil respectively. Pb and Cu did not surpass the threshold value in the soil. Before the site became an experimental field the land was used for agricultural purposes. Soil pH, organic matter (OM) and electrical conductivity were not significantly different between both plots. The total and CaCl 2 -extractable-Cd and Zn concentrations were higher for plot 2 in comparison to plot 1. Because of these differences in soil Cd/Zn contamination, further analyses of the two poplar plots were done separately
3.2.Biomass production
The All poplar clone had a significantly higher total aboveground biomass and woody biomass yield after two years of regrowth in plot 2 compared to plot 1 ( Figure 1 ). In both poplar plots, woody biomass yields significantly increase in the following order Koster < Oudenburg < Vesten.
Cannell and Smith (1980) found that the annual yields for SRC under normal field conditions 10- ) and the highest leaf/wood balance.
In this field trial no linear correlation was found between the wood and leaf biomass production this in contrast to Laureysens et al. (2005) . (table 2) 
3.3.Metal uptake
Shoot metal removal
The Vesten clone in plot 1 has the highest Cd amount in wood (189 ± 54 g ha -1 ) and leaf (168 ± 91 g ha 
Discussion
In this field experiment, five poplar clones were studied during the 2 nd year of their 2 nd growth cycle. In contrast to many 1 st cycle experiments, changes in regrowth capacity and the metal phytoextraction performance during the second growth cycle of the clones was assessed. Two poplar clones (Muur and Grimminge) showed a mortality rate of more than 50% after the first harvest, which indicated a poor regrowth capacity and therefore these clones were considered not suitable for phytoremediation on this type of contaminated soil. This conclusion was not drawn during the first growth cycle since their mortality in the third growth year was up to 39%.
Though, 39% would already be too high for application in practice since this mortality percentage would significantly compromise the economic viability of the SRC. An explanation was that poplar is more susceptible to a dry, nutrient poor and sandy soil which is the case in the (see table 2 and 3). Through decomposition, the mass of the litter will decrease but since metals cannot decompose, the Cd and Zn concentrations in the top layer will increase via this pump mechanism. In regard to the second condition, the metal inputs arise from fertilization, and year 1, and the accumulated Zn in the leaves of the clones, which is the driven force for the pump mechanism. However this was not the case for Cd, were no clear correlation was found.
This was expected because the pump mechanism would be more pronounced for Zn as i) the foliar Zn concentration is on average 5 times higher than in the soil and ii) the ratio of Zn accumulated per year in leaves over wood is higher than for Cd (respectively ratio of 4.7 for Zn 
Conclusion
The phytoextraction potential of SRC on Cd and Zn contaminated land was evaluated during the 2 nd year of the 2 nd growth cycle. No significant decreases in total trace metal concentrations in the topsoil were observed, although this was the main goal of the phytoextraction. This result can be attributed to several reasons such as the high heterogeneity of the soil and the enrichment of the top soil by trace metals in the leaf litter taken up by the roots from deeper soil layers (pump mechanism). Two important conclusions could be drawn from this extended field experiment.
Firstly, to increase the speed and efficiency of phytoextraction with SRC, harvest of the leaves can significantly enhance the process but economic feasibility should be taken into account if this could be done every year. However, phytoextraction with poplar SRC on diffusely Cd and Zn contaminated land remains slow if remediation of the total pool is the goal. Therefore the focus needs to be shifted towards valorization of the biomass. In this way, an income is generated for the farmer and the phytoremediation time is no longer an issue. Remediation of the soil is a second, longer term goal of this strategy called phytoattenuation. 
